the wheelchair which could cause injury. The effort involved in pushing was a problem for many, particularly the elderly spouse. Steering and negotiating kerbs were also difficult, and the position of the pushing handles were criticized. Other actions undertaken by attendants included folding and unfolding wheelchairs, manceuvring and lifting them to stow them in house and car, and operating controls and all movable parts.
Conclusion
Data from this survey have been used to identify some of the more important characteristics of wheelchair users, user requirements, and limitations imposed by the environment, which have particular relevance to wheelchair design. There was no 'typical user' and a wide range needs to be catered for. Furthermore, user requirements do not remain static, but change with ageing or increasing disability.
A possible solution would be to design a number of basic chassis and alternative superstructure components which could be assembled to suit individual requirements, and could then be interchanged as needs altered or parts wore out. However, the final solution must not only take into account users' needs but also, to some extent, be governed by practical and economic considerations. Report, Leicestershire (1961) HMSO, London Platts E A (1971) Thesis, Loughborough University ofTechnology Dr C J Goodwill (Department ofRheumatology and Rehabilitation, King's College Hospital, London SE5 9RS) Powered Vehicles and the Disabled Driver Rehabilitation of the disabled is receiving increasing attention but frequently the question of transport to and from work, or for normal social activities is left until late in the treatment programme. This paper considers powered vehicles for the disabled and will be mainly concerned with locomotor disabilities; the problems of those people who are dyspnceic due to cardiac or respiratory disorders are much simpler and are also covered.
REFERENCES Census County
It is impossible to obtain a breakdown by disability, age or sex of the numbers of disabled drivers in this country but the number of vehicles on issue from the Department of Health & Social Security at 6 March 1973 was: three-wheelers (petrol and electric) 19 559, cars 7671; private car allowances numbered 11 475, and many have paid for the modification of their own car. About 65 % of DHSS three-wheelers and cars have some conversion to the controls. To obtain help with personal transport from the Department a consultant signs a form which gives the diagnosis but little about the disability of the patient and, especially where the consultant is not accustomed to dealing with the problems ofthe disabled driver, some vital facts such as visual field impairment or perceptual loss could be omitted. The patient then attends an appliance centre where he is seen by another doctor who must, during a relatively short consultation and with the facts on the form provided, decide that the patient is fit to drive safely and also that he is eligible under the present regulations; the latter is easier than the former.
The present eligibility is in three classes (DHSS leaflet NHS5): (1) double amputation, one leg being above or through the knee; (2) locomotor or cardiorespiratory disease 'so that to all intents and purposes the person is unable to walk'; (3) less severe disability in a person for whom transport is required to go to and from work. The DHSS leaflet does not accept inadequacy of public transport, or the presence of hills as determining factors, but clearly these must be considered.
When the person's employability is in doubt, a loan vehicle may be provided if the appliance centre is warned in advance of the possible need for this. Only too often the job is available at short notice and immediate transport is essential; clearly there is difficulty if the patient then has to learn to drive the vehicle, and a more flexible approach to this is needed. If found eligible and fit to drive, the disabled person then has the opportunity of a powered three-wheeler supplied by the DHSS, complete with tax, insurance and maintenance, or a £100 annual allowance and exemption from annual Excise Duty for their own vehicle. Three-wheeler: I will confine my comments to the model 70 that has recently been introduced; 5000 petrol engined three-wheelers were issued between April 1972 and March 1973, and 400 electrically driven vehicles, the latter for those with limited needs. The model 70 has automatic transmission, unlike its predecessors, and tiller-bar steering, although a model with a steering wheel is available if required. The accelerator is on a twist-grip control which is too stiff for some disabled people and firm pressure downwards is used for braking. The technical officer has to decide during the course of a short static test, or with the three-wheeler moving only a short distance, what type of control and modifications are required for each individual. This is difficult and it is a tribute to the technical staff that they are so often successful. Unfortunately, figures are not available of the number of three-wheelers that have to be modified subsequent to initial assessment and supply to the individual. About 65% need some initial conversion of the controls to suit individual disabilities, so clearly the vehicle is far from perfect.
Among the three-wheeler's disadvantages are that it is a single-person vehicle, but anyone eligible who has charge of a child up to the age of 14 years is now supplied with a Mini instead.
Driving tuition, including that for an older person who has not driven before, is clearly impossible in a one-person vehicle. The three-wheeler is not as crash resistant as many production cars and the steering column is not of energy-absorbing type; they are more susceptible to cross-winds and are considerably less mechanically reliable than production cars, this last being a much greater disadvantage to a disabled driver than to a fit person. Advantages are that the door opens wide to allow access to the vehicle and the seat slides up to the edge of the vehicle, so that transfer from a wheelchair or from crutches can be made easily, the seat then sliding to the middle and the wheelchair being brought alongside the driver; when in this position, however, it may be difficult to reach the handle of the door past the chair.
Britain is the only country in the world that supplies special and highly conspicuous vehicles for the disabled that clearly separate them from the rest of the community; this is most regrettable, although perhaps a few find the threewheeler easier than a modified production vehicle. It is noteworthy that of war pensioners 6295 chose a car and only 269 a three-wheeler (Hansard 19 July 1972). Cars: These are available free under the National Health Service for a much smaller number of people, but over a four-year period there is no difference in cost compared with a three-wheeler (Hansard 9 August 1972 ). An annual allowance is paid towards maintenance ofthe car. The standard car supplied by the DHSS is an 850 cc manual transmission Mini, and even where automatic transmission is required a bigger engine is not fitted because of cost (about £80). The advantage of automatic transmission for many disabled drivers is overwhelming, especially in town traffic. Modifications to a standard car are the same whether carried out on a private car or one from the DHSS; frequently it is conversion to hand controls.
For manual transmission the brake may be a long floor-mounted lever moved by the left hand, while the clutch and accelerator are activated by the right hand. The alternative type hand clutch is fitted on the gear lever with the brake and accelerator on the right hand; I prefer the latter although either system works with practice (Figs 1 and 2).
With automatic transmission there may be separate controls for accelerator and brake, activated by upward movement towards the steering wheel in each case, as seen in Fig 2. Or there may be only one control, with upward movement giving acceleration, downward movement a braking action (Reselco).
Servo assistance on brakes is relatively easily fitted, but on steering it is more difficult because space is limited in the engine compartment of some cars. The cheapest car for which this is available as a manufacturer's optional extra is Fig 2 Austin Allegro carmanual tranismission conversion to hand controls~. The clutch is on the gear lever activated by the left hand, the right handpulls up on the inner controlfor acceleration, and on the outer controlfor braking (c'ourtesy Feeny & Johnson Ltd) the British Leyland 1800 series. Cost is the main limitation on adaptation in many cases. Arm disabilities: With an arm disability, even if one leg is functioning well, automatic transmission is essential. I would advise it for all disabled drivers although not everyone would agree with this. A steering ball or. a U-shaped steering attachment into which the hand fits is needed, and probably power brakes and steering also. Driving with only the legs presents few problems, with steering footplate and power steering; secondary controls are brought within reach of the feet, or activated by the shoulder or residual arm function, with turn signal control, horn, &c., on the door or door pillar.
For patients with brain damage due to illness or injury, assessment on a test rig would be valuable. This has been carried out for some years at the Danish National Association for Infantile Paralysis in Copenhagen. Strain gauges are fitted on foot controls, hand controls and on the spokes of the steering wheel, and switches are also fitted to the foot and hand controls. In this way strength of arm and foot movement and reaction time to visual or auditory stimuli can be measured accurately, the controls being placed in the optimum position for each person tested. Seat position, height and rake can be adjusted and the optimum position of secondary controls assessed. Table 1 compares the reaction times of 30 normal subjects with 50 disabled drivers, none had brain damage and 18 had had poliomyelitis. It is not surprising that there is no significant difference in reaction time to sound or light stimulus, but where brain damage has occurred and reaction time is delayed, how slow must it be before a person is advised not to drive? No criteria are currently laid down in Britain for this, and indeed it is not assessed at all, except in a few driving schools.
Modifications are expensive and the £100 annual allowance may not even cover the extra cost of automatic transmission. Certainly in other countries such as Sweden and Denmark the purchase tax can be refunded, as may be the tax on petrol, and there is a grant to pay for the cost of modifications to the car; these are limited by complex regulations as in this country, but they are considerably more generous than our own scheme, which is largely geared to the supply of a powered three-wheeler. Parking and access: Space is needed to get a wheelchair alongside a vehicle, or for an ambulant disabled person to stand alongside the door, and it is better for access to be from the passenger rather than the driving side because of passing traffic. With a modified production car, this means that the patient must be able to slide from the passenger into the driving seat; provided each is modified to move backwards and forwards this is usually possible, and the wheelchair may then be swung in behind the passenger seat; with access from the driver's side the wheelchair will usually be placed behind the driving seat. The height of the wheelchair seat (49-54 cm) with the chair standing on the kerb needs to be considered, relative to the height of the car seat. Most paraplegics will have no trouble transferring a short distance up or down, but more severely disabled drivers may find this a problem even with the use of a sliding board.
Insurance: At least one insurance agency, having a special interest in the disabled driver, quotes normal premiums provided the vehicle is suitably modified. Orange badge scheme: For disabled drivers or passengers this provides useful exemptions from some regulations, including time limits on parking meters, but it does not legally entitle the driver to ignore yellow line restrictions, although in Scotland one can use it to park on a single yellow line. In March 1973, 23 020 drivers, 13 120 passengers and 1240 institutions used the orange badge scheme. Some Inner London Boroughs are not included in this scheme, although those who live or work in this area are exempted under a separate local scheme.
There is exemption from vehicle excise duty available for disabled passengers where the vehicle is extensively, conspicuously and permanently adapted for his or her use and this covers even changes to a seat only or a hoist fixed on the car. The severity of the disability must be such that a certificate of constant attendance needs has been issued, and also the patient must have been eligible for mobility help from the DHSS if he had been able to drive. 
DISCUSSION
Lady Masham (House ofLords, London SWI) said that her husband, who was 6 ft 2 in, complained of backache after pushing her chair; he would like extending arm handles. The weight of the wheelchair was important to those who had to lift itthe helpers and the users themselves all deteriorated with age. Chrome had not been mentioned; the DHSS detested chrome because it cost a little more, but it had two great advantages: it was easier to keep clean, and it was attractive to young children. This helped integration into society, about which she felt very strongly. Lady Masham found it very disturbing that there seemed to be no emergency breakdown service for electric wheelchairs at weekends. There were people living alone who depended on their chairs. One young helper, a policeman at the House of Commons, told her that he found a woman with multiple sclerosis, whom he took out from a high-rise flat, crawling about on her hands and knees one weekend. Dr B 0 Scott (Department of Rheumatology and Rehabilitation, Radcliffe Infirmary, Oxford) made a plea for a change of attitude in the prescribing of wheelchairs. Doctors thought too much in terms of prescribing only one wheelchair per patient. Often the able-bodied wheelchair-bound patients had to work in one chair and they might want a totally different chair to go out in the evening. A man was not expected to wear one suit all day and consideration should be given to the provision of a chair for working in and a folding, lighter chair for going out in the evening or for visiting friends. If a chair was built to fold, instability was also built in, as were higher cost and points where it was likely to go wrong. On the other hand, if it could be all welded together a much more stable and stronger chair could be built. This would be a more robust chair for use during the day, and perhaps a lighter chair, which was more easily folded and lifted into a car should be prescribed for going out for social purposes.
Dr I A Williams (Kent and Sussex Hospital, Tunbridge
Wells) agreed with Dr Scott entirely on this. He had prescribed wheelchairs for children and adolescents. One forgot that the wheelchair was like a suit of clothes, and he thought it should be made to look asthetically much better.
Dr Williams was surprised that the dreadful problem of social isolation had not been emphasized. The disabled person was a second-class citizen, isolated by the nature of his disease and disability, yet when a car was prescribed it was usually a threewheeler in which he could not take his relatives. The young adolescents could not take their girl friends out and it was high time this was changed. This was an overriding reason why three-wheelers should be abandoned. They were a social injustice.
Professor J P Paul wished to make three points. First he deplored the craze for chrome: it should be stainless steel or nothing. Secondly he was surprised that no one had spoken about the spinal injury patient and his wheelchair, in respect of the design of a cushion; this was a maker-research area where the design of the cushion could greatly alleviate the tendency to develop decubitus ulcers. Research was going on under the auspices of the Veterans' Administration in New York on the specifications of seats for wheelchairs, and the problem should be considered here.
Finally, the Veterans' Administration in New York had investigated commercially available systems of hand control of automobiles. Like many consumer reports, this was a very tragic story: of some twelve systems commercially available, only three satisfied the investigation in respect of safety and durability.
Dr P N Sperryn (Hillingdon Hospital, Uxbridge) said that one point to which attention was not always drawn was the considerable delay which occurred after a prescription had been given for a wheelchair. They talked as if a wheelchair was prescribed and that was the end of it. In his experience an unmodified model 8 or 9 in the last year had taken from one day to three months to be delivered to the patient. There were some chairs available for loan but not enough for all the patients. What had appalled him most of all was to find the average delivery time for an electric chair, from prescription in the hospital to delivery, to be seven months; what was to be done for the poor patient meanwhile? One had learned to prescribe two chairs, a temporary one awaiting the permanent one. It also begged the question of how the patient existed for all those months, because one only prescribed an electric chair when it was really needed.
Dr R E Irvine (St Helen's Hospital, Hastings) said there had been a system in his day hospital for about ten years in which the technical officer from the wheelchair centre at Brighton, 40 miles away, came once a month to Hastings. He met all the patients who were being assessed for wheelchairs by the occupational therapist. This took place in the geriatric day hospital, which served well as a functional assessment centre.
The liaison was a good way of ensuring that the right chair was prescribed, and ironed out many of the errors which crept in if there was no close personal consultation.
Mr Geoffrey Tudor (Senior Counsellor for Disabled Students, Open University, Milton Keynes) spoke of the reluctance of many disabled people to make use of a wheelchair. This attitude was encountered when disabled students from all over the country had to go to a distant university campus for their summer school. Many of them were perhaps sufficiently mobile around the home and for getting to their place of work: but to attend the summer school they had to be able to move at least three miles a day (and in a limited time) between one lecture room and another, which for many disabled people was impossible. Much could be done along the lines suggested by Dr Williams and others to make a wheelchair a perfectly reputable and perhaps even desirable system of transport rather than the last resort which it so often seemed to be.
An unidentified speaker agreed that the three-wheeler car should be discarded but she would say one word in its defence. It had been said that other countries provided better vehicles, but she thought it was fair to say that this country had probably provided vehicles for the disabled a long time before others did, and that the three-wheeler had served a very useful purpose. It was originally designed to get a man to work so that he could earn a living, and from there it had become more sophisticated. The wheels of bureaucracy moved very slowly and eventually people would get cars so that they would not be labelled as disabled by the vehicle which they drove. There might be one or two difficulties about this: if a disabled person was to have a normal car he would not then be able to drive alone in that car until he had a proper driving licence; in many cases it was an advantage that in a three-wheeler he could get on the road very much quicker than he would be able to do in a car.
It also occurred to the speaker that if cars were supplied for the disabledshe agreed that from a certain point of view this was very desirableit must be ensured that the three-wheeler did not go out of production because there were some very unusual people who needed a purpose-built car. Doctors might find themselves being told: 'You asked for cars: you must make your patients fit the car.' Mr A Kennaway (Honorary Consultant in Medical Engineering, Queen Mary College, London University) put the point of view of an engineer in trying to improve wheelchairs. First, the wheelchair had evolved over a long period and now far from offering an integrated design solution to patients' problems. It was therefore tempting to start again instead of curing symptoms as they arose; but this would not help a patient until much more was known about specific needs. Now that some light had been shed on these and some detailed anthropometrics done, perhaps a sensible start could be made, using modern materials and process technology to achieve the desired objectives of lightness, versatility, comfort, and lower cost. For example: the seat need not restrict bloodflow over the ischial tuberosities; it could be covered with-well-tried materials permeable by air and moisture vapour; polyurethane handles should resist abrasion and be soft; it should be easy enough to provide handles of adjustable height; and so on. But there were problems: one might achieve lightness, versatility within limits, more comfort, robustness, but not necessarily all together in the same chair, especially at low cost. It might be necessary, and no bad thing, to have different chairs for different purposes and environments.
At Queen Mary College, the temptation to redesign the type 8 chair had been resisted for the reasons mentioned. However, special purpose chairs had been designed and built for work in an engineering workshop and for a housewife in a kitchen; such chairs were useless for the street, and so the patient needed two chairs, but the special chair was far easier to work from than was an all-purpose chair. It was not easy to get funds, because the number of potential users was difflicult to identify before such a chair became available for trial. The College therefore had to plunge on its own judgment, hoping that it would prove correct and that demand would be sufficient to allow the chairs to be produced in quantity at a low enough price. The problem of identifying market size handicapped all advances and needed to be overcome, but who would help?
Another problem was the lack ofincentive for manufacturers to spend money on research and development. The DHSS was concerned to reduce total expenditure, and understandably wanted wheelchairs at the lowest effective cost. The current price for the type 8 chair was about £20; Mr Kennaway understood that the Everest & Jennings chair, the choice of all who could afford to buy it, could be sold in bulk to the DHSS for perhaps 10-15% more. Would it not be worth while to switch over to this rather than to put up with all the disadvantages of the present model, or even to go to the expense of design and tooling up for a totally new model? It seemed to Mr Kennaway that the Treasury was too much concerned with minimizing first cost, without looking at total costs or at cost-effectiveness. This also applied to the car. His own experience agreed with all that had been said here and elsewhere against the tricycle car. One Treasury argument was that to issue tax-free fourwheelers to disabled people could be abused by sale to others at a profit. A simple solution would be to stamp the log-book 'Disabled driver, tax exempt'. The problem of hardware was matched by that of software. The systems of bureaucracy also needed solution, or perhaps revolution.
Dr K S Holt (Institute of Child Health, London) stressed the particular vulnerability of children who needed wheelchairs. Very often they were given chairs which were ill fitting, which aggravated deformities, and which reduced their function. This was further aggravated by the long delivery time for many chairs, so that even if great care was taken in the beginning to get a well fitting chair prescribed, by the time it was delivered several months later the child had grown and it was no longer suitable. A child who was growing and developing and learning needed to be well equipped for mobility and function so that he could achieve the best possible results when he was an adult. That was why it was particularly desirable that children who needed wheelchairs should have special attention and some degree of priority.
